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Abstract 
In this study, tungsten substituted Ni-Zn nano ferrites of the composition Ni0.5Zn0.5WxFe2-xO4 with 
x = 0.0, 0.2, 0.4 have been synthesized by a co-precipitation method. The prepared samples were 
pre-sintered at 850°C and then annealed at 1000°C for 3 h each. The structural, morphological, 
optical and magnetic properties of these samples were studied by using X-ray diffraction (XRD), 
Field Emission Scanning Electron Microscopy (FE-SEM), Transmission Electron Microscopy 
(TEM), Fourier Transform Infrared Spectroscopy (FTIR), Raman spectroscopy (RS) and 
 spectroscopy (MS).XRD revealed the formation of spinel single-phase structure with 
an average crystallite size of 53-60 nm. Fourier Transform Infrared Spectroscopy show two 
prominent peaks primarily due to the tetrahedral and octahedral stretching vibrations in the range 
of 400-600 cm-1. Raman spectra three Raman active modes; (A1g + Eg + T2g) 
at around 688, 475 and 326 cm-1. pectroscopy reveals that substitution of W3+for Fe3+ 
cation results in reduction of total magnetic moment and consequently the net magnetization. 
Keywords: Co-precipitation; Raman spectroscopy  spectroscopy. 
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1. Introduction 
Ferrites are one of the most important materials on account of their remarkable electrical and 
magnetic properties. Ni Zn ferrites are versatile soft ferrite materials investigated extensively due 
to their low dielectric losses and high resistivity [1]. Presently, these materials are   largely studied 
at nanoscale to improve properties for diverse applications such as electromagnetic interference 
(EMI) suppression, gas sensing and biomedical systems [2-5]. The structural and magnetic 
properties of these ferrites are highly sensitive to the method of preparation, sintering parameters 
and the amount of metal oxides constituents. Nano ferrites can be prepared by methods such as 
citrate gel methods, standard ceramic techniques, co-precipitation, polymeric assisted routes, 
hydrothermal methods, reverse micelles process, micro-emulsion methods and wet chemical 
methods [6-13]. Co-precipitation method is a simple and the most economical method to produce 
stoichiometric and uniform ferrites. In this technique, the mixing of metal ions takes place at 
atomic scale, which produces homogeneous material of nano crystallite size. Yu et. al  (14) and 
Yang et al. (15) have successfully synthesized nano cubes of Co substituted Fe2O4  with size 
ranging from 35-110 nm. 
Tungsten oxide is a n-type semiconducting material, which finds potential applications in 
 due to its chemical composition and crystalline structure [16, 17]. 
Among transition metal oxides such as WO3 [18] and NiO [19] have attracted increasing attention 
as they exhibit morphological, optical and electronic properties suitable for organic optoelectronic 
devices. Indeed, the crystalline phase of WO3 plays a major role in catalysts [20] gas sensing [21] 
and hydrogen production [22]. Fu et. al. have studied the effect of tungsten on Ni-Zn ferrites. 
However, their investigation was limited to dielectric and magnetic study of Ni0.5Zn0.5WxFe xO4 
(where x = 0, 0.02, 0.04, 0.06, and 0.08) by one-step synthesis [23]. To the best of our knowledge, 
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no report is available on higher concentration doping of tungsten in Ni-Zn ferrites matrix and their 
spectroscopic analysis. Therefore, in the present work, structural and spectroscopic properties of 
high concentration tungsten doped Ni Zn ferrites have been investigated.   
 
2 Experimental  
2.1. Synthesis of Ni0.5Zn0.5WxFe2-xO4 
Tungsten substituted Ni  Zn ferrite series of composition Ni0.5Zn0.5WxFe2-xO4 with x = 
0.0, 0.2 and 0.4 was prepared by a co-precipitation method. High purity chemicals: nickel chloride 
hexahydrate, zinc chloride, tungsten trioxide and iron (III) chloride hexahydrate were used in 
proper stoichiometric proportion and dissolved in the boiling solution of 0.40 M NaOH under 
vigorous stirring for 40 minutes. Following this, the suspension was cooled to an ambient 
temperature and precipitate was washed carefully with distilled water several times to remove 
impurities. The mixture was then centrifuged and the residue was dried in an electrical oven at 
80°C for overnight.  The powders were pre-sintered at 850°C for 3h at a heating and cooling rate 
of 200°C/h. These powdered samples were pressed into pellets under a pressure of 55 MPa using 
a uniaxial hydraulic press. These pellets were sintered at 1000°C for another 3 h at a heating and 
cooling rate of 200°C/h in a muffle furnace.  
 
2.2 Characterization 
X-ray diffraction (XRD) measurements were performed on an X-pert Pro Pan analytical 
 The Transmission Electron Microscopy (TEM) 
characterizations were carried out using 80kV Transmission electron microscope (Model -JEOL 
USA 2100F). Structural morphology of ferrite samples were examined by using MIRA3 
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TESCAN.FT-IR spectra were recorded using a Perkin Elmer spectrophotometer in the range 4000
400 cm-1. HORIBA JOBIN VYON LABRAM HR was used to study Raman spectra. Magnetic 
properties of these samples were studied by using WISSEL Mössbauer spectrometer. The 
evaluations of the Mössbauer spectra were performed by MOSWINN code. 
 
3. Results and Discussion 
Fig. 1 shows the XRD patterns of Ni0.5Zn0.5WxFe2-xO4(x = 0.0, 0.2, 0.4) samples prepared by 
a co-precipitation method. The XRD patterns were found to possess well resolved, sharp and 
intense peaks corresponding to planes (220), (311), (222), (400), (422), (511) and (440) which 
indicated the presence of cubic spinel structure without the presence of any impurity. A single 
phase spinel structure was maintained with tungsten ion substitution inside the Ni-Zn ferrite 
matrix. This indicates that tungsten ions are properly dissolved in the lattice structure of Ni-Zn 
ferrite systems. The crystallite size of the main peak (311) is calculated 
formula [24] and the values are listed in Table 1. 
cos
kD                                                                            (1) 
Where 
half maxima. The XRD analysis showed that the crystallite sizes decrease uniformly from 60 nm 
to 53 nm with tungsten substitution from x = 0 to x = 0.4, respectively. The decrease in crystallite 
size is due to the smaller ionic radii of tungsten (0.55 Å) than Fe3+ (0.63 Å). 
 [25]. The calculated value for the lattice parameter is found 
to be 8.3730 Å at x = 0, which remains constant with increase in tungsten doping. The average 
lattice strain experienced by nanoferrites was calculated by using the Hall- Williamson plot using 
the formula [26], 
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sin4
cosLS                                                              (2) 
where  that 
the compressive strain is experienced by the sintered samples, as shown in Fig. 2. This compressive 
strain is attributed to the variation of Fe3+ ions in the tetrahedral and octahedral sites due to grain 
size reduction. Another reason for such behavior of nanoscale ferrites may also be due to increased 
degree of inversion [27]. 
Figs.3 (a), (b) and (c) show the TEM image of Ni0.5Zn0.5Fe2O4.  The image indicates that 
the particles are cubic in shape, narrowly distributed and agglomerated to some extent. This 
agglomeration can be due to the magnetic dipole interactions arising between ferrite particles [28]. 
The estimated average particle sizes are around 60 nm. This result agrees well with that estimated 
by XRD measurements.  
Figs. 4(a), (b) and (c) illustrate the FESEM micrographs of nearly cubic shaped Ni-Zn 
ferrites nanoparticles with excellent homogenous crystalline structure. Furthermore, the ferrite 
agglomeration due to the interactions of magnetic nanoparticles. 
Fig. 5 shows the infrared spectra of the investigated ferrites in the range 4000 400 cm-1. 
There are only two main frequency bands ( 1& 2) that correspond to the intrinsic vibrations of 
tetrahedral and octahedral Fe3+ O2- complexes, respectively, and are typical characteristic of 
ferrites. The values of absorption band frequency is given in Table 1. The absorption band at 592 
cm-1was assigned to tetrahedral sites where intrinsic stretching vibrations of the metal were 
observed. Whereas the band observed at 423cm-1 were assigned to octahedral-metal stretching 
corresponding to bond bending vibrations [29]. The increasing 1 show that the normal 
mode of vibration of the tetrahedral cluster is more than that of the octahedral cluster. This 
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indicates that the tetrahedral cluster has a shorter bond length than that of the octahedral cluster 
[30 1 is attributed to the starching vibration of Fe3+ - O2- 2 
to that of octahedral site. 1 and 2 remain same with tungsten ions 
doping indicating all the tungsten ions are properly absorbed in the cubic lattice 
Raman spectroscopy provides the structural properties of materials and to identify the 
microscopic vibrations caused by the slight structure distortion. Raman vibrational modes for 
tetrahedral and octahedral sites are tabulated in Table 2.  Fig. 6 shows that all samples have more 
than five Raman active modes predicted by group theory in the normal spinel structure.  The three 
major peaks (A1g + Eg + T2g) at around 688, 475 and 326 cm-1 which is approximately similar to 
the results obtained by Zhang et al. [31].  The mode A1g (~690 cm-1) is due to symmetric stretching 
of oxygen atoms along Fe O bonds [32, 33]. The mode Eg (~320 cm-1) is due to symmetric bending 
of oxygen with Fe and the mode T2g (3) (~546 cm-1) is due to asymmetric bending of Fe (Ni)-O 
bonds. T2g (1) (~205 cm-1) is due to   translational motion of   the whole tetrahedron. Raman modes 
at T2g (1) and T2g (2) are absent. The absence of these modes may be attributed to the cation 
inversion and also due to the effect of small crystallites, which leads to the broadening of modes. 
The broad shoulders below A1g and T2g -1  
and ~435 cm-1, respectively. One peak corresponds to the unit cell with all Fe ions and the other 
one to the unit cell with mixed Fe and Ni ions. These secondary bands at low energy side are 
attributed to second overtone of A1g and T2g (2) modes and indicate inverse spinel structure [34]. 
Mossbauer spectroscopy   is   vastly sensitive to small variations in electron density at the 
iron nucleus, due to different electronic and structural environments. Fig. 7 shows  
spectra of all the powder samples annealed at temperature of 1000°C. spectroscopy 
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interaction between the nucleus and its neighboring electrons. The   area under the Mossbauer sub 
spectrum were used to calculate percent site occupancy of ions and actual chemical composition 
of   tungsten doped Ni-Zn ferrite. Line-widths and area were considered for the B site because of 
the distribution of sextets on B-site. The best fit could be obtained by employing two sextets (A) 
and (B) in the M ssbauer Spectra indicating the distribution of interatomic spacing and distributed 
local environment of Fe cation. The sextet A was attributed to tetrahedral site while sextet B 
towards octahedral site [35].  It is well known that each A-site ion has 12 B-site neighbors in its 
immediate surroundings and each B-site ion has 6 A-site nearest neighbors. Fe3+(A) O2 Fe3+(B) 
exchange interaction between iron ions is known to be the strongest, whereas A A and B B 
interactions between iron ions via  oxygen ions are relatively weaker. The line width of the 57Fe 
 spectra is useful for the estimation of cation disorder effects on both magnetic and 
electric interactions. According to the  spectra, the fractional area of the tetrahedral sites 
was decreased from 40 to 35 and the fractional area of octahedral site were increased from 60 to 
65 with the doping of tungsten elements. This site preference occupancy confirmed the reduction 
of Fe3+ cation in octahedral site and it is concluded that the tungsten ions preferred to occupy the 
octahedral site. The tungsten elements are categorized in paramagnetic state and have down spin 
configuration, in spite of the fact that Fe3+ cations have ferromagnetic characteristics, and also have 
up spin configuration. However, the substitution of Fe3+ cation by W3+ cations results in reduction 
of total magnetic moment. Consequently, the magnetization in octahedral site was decreased. The 
line width of tetrahedral site is decreasing and increasing in octahedral site with increase in 
tungsten concentration. This may be attributed to the change of Fe3+ ions at A and B sites. The 
ld (Heff) 
are computed and tabulated in Table 3. The Fe3+ ions present in A and B site are expected to 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
9 
 
experience a distribution in the magnetic hyperfine field due to different numbers nonmagnetic 
(Zn2+) and magnetic (Ni2+) neighbors and different degrees of collective magnetic excitation for 
the samples having wide particle size distributions. The isomer shift provides changes occurred in 
the chemical environment of the spinel lattice due to substitution of tungsten. But the observed 
changes in the isomer shift values with the substitution of tungsten ions appear to be very small.  
This infers that tungsten ions would not disturb the chemical environment around each A and each 
B- sub lattice in the spinel lattice. Hence, no appreciable change in the isomer shift has been 
noticed. 
Conclusion 
Tungsten doped Ni-Zn nano-ferrites Ni0.5Zn0.5WxFe2-xO4 with x= 0, 0.2,& 0.4 are synthesized by 
co-precipitation method. The crystallite size of the samples decreases from 60 nm to 53 nm with 
increase in tungsten ions doping. This is because the ionic radius of tungsten (0.55 Å) is less than 
Fe3+ (0.63 Å). The calculated value for the lattice parameter is found to be 8.3730 Å at x = 0, which 
is almost maintained with increase in tungsten doping. The lattice strain of the sintered powder 
shows the negative slop which indicates compressive strain in all the samples. TEM images show 
agglomeration to some extent with particle size around 60 nm. SEM micrographs show 
homogenous crystalline structure. FT-IR technique was used to locate the band position of the 
intrinsic vibrations of tetrahedral and octahedral groups respectively. FT-IR spectra were recorded 
in the range 4000 400 cm-1. There is no change in frequency bands 1) and 2) with tungsten 
doping indicating that these ions are properly absorbed in the cubic lattice. Raman spectroscopy 
provides the microscopic vibrations caused by the slight structure distortion. The  
spectra reveals that all the samples show broadened six line patterns and exhibits a hysteretic 
behavior, indicating that it has ferromagnetic phase. 
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Fig. Captions 
Fig.   1.  X-ray diffraction patterns of Ni0.5Zn0.5WxFe2-xO4 (x= 0, 0.2, 0.4)  
Fig. 2.  Hall- Williamson Plots for Ni0.5Zn0.5WxFe2-xO4 (x= 0, 0.2, 0.4) 
Fig. 3. TEM images for Ni0.5Zn0.5WxFe2-xO4(x= 0, 0.2, 0.4) 
Fig. 4. FESEM images for Ni0.5Zn0.5WxFe2-xO4(x= 0, 0.2, 0.4) 
Fig. 5. FTIR spectra of Ni0.5Zn0.5WxFe2-xO4 (x= 0, 0.2, 0.4) 
Fig. 6. Raman spectra of Ni0.5Zn0.5WxFe2-xO4 (x= 0, 0.2, 0.4) 
Ni0.5Zn0.5WxFe2-xO4 (x= 0, 0.2, 0.4) 
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Table 1  
Observed values of crystallite Size, Lattice strain, Lattice Constant & FT-IR spectral data. 
 
 
Sample D 
(nm) 
LSx10-3 a (Å) 1 (cm-1) 2(cm-1) 
X = 00 60 -7.90 8.3730 592 423 
X = 0.2 57 -9.84 8.3732 592 424 
X = 0.4 53 -1.61 8.3735 592 425 
Table: 2 
Raman Vibrational modes for tetrahedral and octahedral sites for Ni0.5Zn0.5WxFe2-xO4 (x= 0, 0.2, 
0.4) 
Composition  
(x) 
Raman Shift (cm-1) 
A1g Eg Tg(3) Tg(2) Tg(1) 
0.0 690 330 543 475 219 
0.2 693 331 550 469 214 
0.4 682 312 542 472 215 
 
 
Table 3 
Heff), line width for the two 
sextets of the system Ni0.5Zn0.5WxFe2-xO4. (x = 0, 0.2, 0.4) 
 
Sample SextetA (Tetrahedral site) SextetB (Octahedral site) 
WID  Q.S. Heff Area WID  Q.S. Heff Area 
(mm/s) (mm/s) (mm/s) (kOe) (%) (mm/s (mm /s) (mm/s) (kOe) (%) 
Ni0.5Zn0.5Fe2O4 0.58 0.27 -0.67 44.31 40 0.63 0.30 0.26 47.89 60 
Ni0.5Zn0.5W0.2Fe1.8O4 0.56 0.28 -0.30 44.73 37 0.68 0.25 0.31 47.66 63 
Ni0.5Zn0.5W0.4Fe1.6O4 0.56 0.23 -0.38 45.60 35 0.70 0.30 0.56 47.08 65 
 
 
